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Introduction
¾ Complex networks are everywhere. [1,2]
¾ Many phenomena in nature can be modeled as networks:
brain structures
protein-protein interaction networks 
social interactions
the Internet and WWW.
¾ They can be represented in terms of nodes and edges connecting 
them.
Example: science collaboration network
node = individual scientist
edge = co-authorship of scientific article
¾ Important characteristics:
these networks are not random; they have a structured architecture.
¾ Structure of different networks are similar:
all have power law degree distribution (scale-free property)
despite large size there is usually relatively short path between   
any two nodes (small world property).
¾ Global characteristics: 
degree distribution, clustering coefficient and the diameter.
¾ Local structure: 
frequency of subgraphs of given type (subgraph of order k is a part 
of the network consisting of k nodes and edges between them).
¾ There are different types of subgraphs of the same order (Fig.1).
Motivation
¾ Global properties have been extensively studied.
¾ We investigate if two networks are similar by examining their local                  
characteristics.
¾ The exhaustive search of subgraphs in a large network is 
computationally prohibitively expensive.
¾ We need an efficient heuristic approaches allowing counting of 
subgraphs by  an incomplete search.
The Model
¾ Barabasi-Albert algorithm: [1]
start with random network consisting of a small number (n0) of 
nodes, mutually connected with probability p.
add a new node with m (≤n0 ) edges hat link the new node to m
different nodes already present.
The probability  that a new node will be connected to node i is 
proportional to degree (number of links) of node i.
After t steps this algorithm results in a network with n=t+no
nodes.
¾ We count the subgraphs of order up to four using two approaches, 
random and preferential.
¾ We chose a subset S containing a fraction of all nodes, and count all 
subgraphs of order three and four that contain at least one node from   
the subset.
¾ Random method: every nodes is chosen with the same probability,
1/n.
¾ Preferential method: the node is chosen with probability proportional 
to the degree of the node.
¾ Goal:
find ratios ai=Pi /Ni for the given network ( Ni is a number of 
subgraphs of type i obtained by the exact counting, and Pi
number of subgraphs found by heuristic search algorithm)
estimate the frequency of subgraphs in complex networks.
Figure 2: The number of subgraphs of type 3 estimated by 
the preferential approach for an incomplete 20% search. 
Results and conclusion
¾ Here we report on the comparison of efficiencies of two heuristic   
algorithms [3], based on random and preferential choices of the 
subset of studied nodes. 
¾ Both were applied to scale-free networks, generated using the 
Barabasi-Albert algorithm, to count subgraphs with up to four  
nodes. 
¾ We find [3] that the preferential heuristic algorithm gives accurate 
estimates of local network properties. The random method, though
simpler, is found to be less accurate. 
Figure 3:  Dependence of the ratio a3 on the fraction of 
searched nodes q, for preferential and random approaches.
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